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Abstract
This study investigated bidirectional associations between intake of food groups and depressive symptoms in 1058 Italian participants (aged
20–102 years) of the Invecchiare in Chianti study. Dietary intake, assessed with a validated FFQ, and depressive symptoms, measured with the
Center for Epidemiologic Studies Depression scale (CES-D), were assessed at baseline and after 3, 6 and 9 years. Associations of repeated
measurements of intakes of thirteen food groups with 3-year changes in depressive symptoms, and vice versa, were analysed using linear
mixed models and logistic generalised estimating equations. Fish intake was inversely (quartile (Q)4 v. Q1, B= –0·97, 95% CI –1·74, –0·21) and
sweet food intake positively (Q4 v. Q1, B= 1·03, 95% CI 0·25, 1·81) associated with subsequent CES-D score. In the other direction, higher
CES-D scores were associated with decreases in intakes of vegetables (ratio: 0·995, 95% CI 0·990, 0·999) and red and processed meat
(B= –0·006, 95% CI –0·010, –0·001), an increase in dairy product intake (ratio: 1·008, 95% CI 1·004, 1·013), and increasing odds of eating
savoury snacks (OR: 1·012, 95% CI 1·000, 1·024). Fruit, nuts and legumes, potatoes, wholegrain bread, olive oil, sugar-sweetened beverages,
and coffee and tea were not significantly associated in either direction. Our study confirmed bidirectional associations between food group
intakes and depressive symptoms. Fish and sweet food intakes were associated with 3-year improvement and deterioration in depressive
symptoms, respectively. Depressive symptoms were associated with 3-year changes in vegetable, meat, dairy product and savoury snack
intakes. Trials are necessary to examine the causal associations between food groups and depression.
Key words: Diet: Depression: Reverse causality: Older adults: Invecchiare in Chianti study
Nutritional epidemiology has traditionally focused on single
nutrients and foods, but a complementary focus is on dietary
patterns(1). Dietary patterns as well as food groups have been
linked to chronic diseases such as depression(2). Reviews and
meta-analyses on dietary patterns concluded that there seems
to be a protective effect of ‘healthy’, ‘traditional’ and ‘Medi-
terranean’ dietary patterns, whereas a ‘Western’ dietary pattern
may be associated with an increased risk of depression;
however, they all emphasised that evidence for a true causal
association is not yet conclusive, as findings were not con-
sistent and residual confounding can still be present(3–7). One
of the reasons for the inconsistencies is the differences
between studies on the used or derived dietary patterns and
thus in the included components of these patterns. So by
studying a priori and a posteriori patterns, it remains unknown
which component(s) of the pattern are associated with health.
It is therefore of interest to study these individual components,
which are mostly food groups. Food groups can also be useful
for communication in public health, and many dietary guide-
lines are food based(8,9).
Reviews and meta-analyses regarding food groups as deter-
minant(7,10,11) – including fruit and vegetables(12,13), fish(14,15)
and coffee and tea(16) – indicated some associations with
depression as outcome, but their findings are inconsistent,
potentially due to the limitations of the included individual
studies. One of the limitations of many previous studies on diet
and depression is their cross-sectional design. Although there
are prospective studies on the link between food groups and
depressive symptoms at follow-up measurements, they often
only used dietary information at baseline, assuming no changes
Abbreviations: CES-D, Center for Epidemiologic Studies Depression scale; iADL, instrumental activities of daily living; InCHIANTI, Invecchiare in Chianti; LMM,
linear mixed models; SSB, sugar-sweetened beverages and fruit juices.
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in diet over time. To our knowledge, a few previous cohort
studies used repeated measurements of dietary intake as
determinant. Their repeated food group measurements were
the average consumption at baseline and follow-up(17,18),
cumulative average of two time points(19) or a categorical
variable based on baseline consumption and 2-year change in
consumption(20). Besides only three studies used longitudinal
statistical methods to capture the repeated measurements of the
exposure (i.e. food group) and found some prospective asso-
ciations with incident depression outcomes for lower intakes at
several measurements of fruit (but not vegetables)(21), fruit and
vegetables combined (unadjusted for other lifestyle factors)(22),
and higher intake of sugar in men only(23).
The link between diet and depression may also exist in the
other direction, that is, depressive symptoms may cause a
change in the intake of food groups (‘reverse causality’).
Some studies have investigated the association of depression
with food groups, dietary patterns and nutrients in this
direction, but the majority of these studies were
cross-sectional(24–26) or used retrospective depression
data(27). A total of three recent prospective studies also
examined the reverse association and found depression to be
associated with a lower fruit and vegetable intake (com-
bined) (unadjusted for other lifestyle factors)(22) but not with
fish intake(17) or sugar intake from sweet food/beverages(23).
However, to our knowledge, no other previous studies
investigated the association of depression with food groups
longitudinally.
Given the inconclusive and incomplete literature about
the association between food groups and depression, and
its direction, more prospective studies on the bidirectional
link between diet and depression are needed. Except Smith
et al.(17), Kingsbury et al.(22) and Knüppel et al.(23), no
study has investigated this link in both directions within
one cohort, which can give insight into the reverse caus-
ality hypothesis. These studies, as well as most studies
on food groups, however, examined just one or two food
groups, which does not allow comparison of the effect sizes
of the associations with depression between several food
groups.
In the InCHIANTI study (Invecchiare in Chianti, aging in
the Chianti area), the link between dietary patterns and
depressive symptoms has previously been studied. A Tuscan
pattern at baseline derived by reduced rank regression (RRR)
was cross sectionally and prospectively inversely associated
with depressive symptoms(28). However, two inflammatory
dietary patterns at baseline – derived by RRR and char-
acterised by unhealthy foods – were not prospectively asso-
ciated with depressive symptoms(29). We aim to extend this
previous work by studying the individual components of
these dietary patterns, that is, food groups. In addition, we
use dietary data not only at baseline but also at follow-up
measurements, and we address the relationship in two
directions. The aims of this study were to study the pro-
spective associations (1) between intake of food groups and
change in depressive symptoms and (2) between depressive
symptoms and changes in intake of food groups, in a large
sample of Italian (older) adults.
Methods
Study population
The InCHIANTI study is a prospective, population-based cohort
study of older adults in Tuscany (Italy) and was originally
designed to examine factors that contribute to decline in
mobility. In 1998–2000, a sample of 1453 persons was randomly
recruited at two sites (Greve in Chianti and Bagno a Ripoli)
using a multistage, stratified sampling method. A total of 1155
participants were aged 65–102 years, with those aged ≥90 years
oversampled, and 298 participants were aged 20–64 years.
Baseline data were collected in a home interview and a medical
evaluation at the study clinic. Follow-up measurements were
performed 3, 6 and 9 years after baseline (respectively, 2001–
2003, 2004–2006 and 2007–2009). A more detailed description
of the study rationale, design and method is given else-
where(30). All participants signed informed consent after full
explanation of procedures, and the ethics committee of the
Italian National Institute of Research and Care on Aging
approved the study protocol.
Participants
A total of 1206 persons had dietary data at baseline and at least
at one of the three follow-up measurements. Persons with no or
incomplete data on depressive symptoms at baseline or at any
follow-up measurement were excluded (n 69). After exclusion
of persons with missing data on baseline covariates (on physical
activity (n 6) and waist circumference (n 73)), the analytic
sample consisted of 1058 persons.
Depression measurements
At baseline and follow-up home visits, depressive symptoms
were assessed with the Center for Epidemiologic Studies
Depression scale (CES-D), a twenty-item self-report scale about
depressive symptoms in the past week(31). The CES-D, ranging
from 0 to 60 points, is widely used and has been shown to be a
valid instrument for assessing depressive symptoms in older
adults(32) and in Italian adults(33). The continuous CES-D scores
were used as outcome or determinant in the associations, and the
cut-off score of ≥20 was used to indicate clinically relevant
depressive symptoms for descriptive purposes. Although a cut-
off of 16 is generally used, a higher cut-off has a greater speci-
ficity(32) and seems to be more appropriate in Italian samples(33).
Dietary measurements
At baseline and follow-up home visits, the usual dietary intake
was assessed using the FFQ developed for the North-Central
Italy centres(34) of the European Prospective Investigation into
Cancer and nutrition study(35). This 240-item FFQ on food
consumption during the previous year has been validated for
these centres(36) as well as for the InCHIANTI cohort at popu-
lation level(37). Nutrient data were calculated using the Food
Composition Database for Epidemiological Studies in Italy(38).
Based on the FFQ data obtained, thirteen food groups were
a priori created: fruit, vegetables, nuts and legumes, potatoes,
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wholegrain bread, dairy products, red and processed meat, fish
and shellfish, olive oil, savoury snacks, sweet foods, sugar-
sweetened beverages and fruit juices (SSB) and coffee and tea
(online Supplementary Table S1). The selection of food groups
was based on the fact that these are common components of
diet-quality indices such as the Mediterranean Diet score, Alter-
native Healthy Eating Index and Dietary Approaches to Stop
Hypertension Diet, or as previous studies on the depression–diet
link suggested a link between the food group and depression
(savoury snacks, sweet foods, coffee and tea)(16,19,23,25,39–41).
Intake in g/d of each food group was calculated. Although the
FFQ at the follow-up measurements differed somewhat from the
FFQ at baseline, the food items included in the thirteen food
groups were similar. The only considerable difference is that the
items ‘fruiting vegetables’ and ‘tomato sauce’ in the baseline FFQ
were redefined as ‘tomatoes raw’, ‘tomatoes cooked’ and ‘other
fruiting vegetables’ in the follow-up FFQ.
Other variables
Data on potential confounders and variables used in sensitivity
analyses were collected at the four measurements. Socio-
demographic variables included age, sex, marital status (mar-
ried, never married, widowed/divorced) and education level
(years). Lifestyle factors included smoking status (never, former,
current), alcohol intake (g/d; from the FFQ) and total energy
intake (kJ/d and kcal/d, from the FFQ). In addition, physical
activity level during the previous year was self-reported and
classified as sedentary (hardly any physical activity or mostly
sitting/some walking), light (light exercise 2–4 h/week) and
moderate to intense (light physical activity >4 h/week, moder-
ate physical activity >1 h/week or intense physical activity/
intense walks many times/week). Instrumental activities of daily
living (iADL) disabilities were defined as self-report of inability
or needing personal help in performing any basic or iADL; the
number of disabilities was dichotomised (0= no, 1–8= yes). At
the study clinic, waist circumference (cm) was measured as well
as body height and body weight that were used to calculate the
BMI (kg/m2). Major diseases were ascertained according to
standardised, pre-established criteria and algorithms based
upon those used in the Women’s Health and Aging Study(42)
using information on self-reported history, pharmacological
treatments, medical examination data and hospital discharge
records. These diseases included hypertension, CHD including
angina pectoris and myocardial infarction, congestive heart
failure, stroke, peripheral arterial disease, cancer, diabetes
mellitus, chronic obstructive pulmonary disease, and hip and
knee arthritis. The number of chronic diseases was categorised
into no, 1 or 2 or more diseases. General cognitive functioning
was assessed with the Mini Mental State Examination (MMSE),
ranging from 0 to 30 points(43). Use of antidepressants in the
previous 2 weeks (yes/no) was coded according to the Ana-
tomical Therapeutic Chemical classification system.
Statistical analyses
Baseline characteristics were described as means and standard
deviations or medians and interquartile ranges and as
percentages. Mean intakes of the food groups at baseline and at
follow-up measurements were adjusted for energy intake, so
that they are independent of total energy intake. This adjust-
ment was performed using the residual method, where food
group intakes are regressed on total energy intake(44). Pre-
sented mean intakes are thus the predicted values from this
regression. Spearman correlation coefficients were calculated
between the food group intakes. For wholegrain bread, savoury
snacks and SSB, the number of consumers was small. There-
fore, the intakes of these food groups were dichotomised as
non-consumers v. consumers.
The prospective associations of food group intakes as
determinant with change in depressive symptoms as outcome
were analysed by linear mixed models (LMM), which account
for dependency of repeated measurements within individuals.
The assumption of conditional normality of CES-D scores was
assessed by analysis of residuals. A time-lag model was chosen
by including intakes at baseline, follow-up 1 and follow-up 2,
and CES-D scores at follow-up 1, follow-up 2 and follow-up 3
(both time-varying), resulting in three 3-year cycles. Baseline
CES-D score was included as covariate to interpret the regres-
sion coefficients as change compared with baseline. Initially,
the models included a random intercept, and random slopes for
food group intake were added to the model and tested for
improvement in fit. However, likelihood ratio tests did not show
statistically significant improvements (P< 0·05) in fit for any
food group, so the final models included only a random inter-
cept. Standardised food group intake residuals were used as
determinants to make comparisons between the food groups
possible. Next to these continuous food group intake residuals,
quartiles were made, with quartile 1 (lowest intake) serving as
reference category. Quartiles of standardised intake residuals
were defined for the four measurements, according to the dis-
tribution at baseline. To examine linear trends across the
quartiles, the categorical quartile variable was used as a con-
tinuous variable to retrieve a P value for trend. For the three
dichotomous food groups, the non-consumer group was used
as the reference category.
Effect modification by age and sex was tested by adding
interaction terms between the standardised food group intake
residuals and age or sex to the regression models. A P value
<0·10 of an interaction term was considered statistically sig-
nificant. Potential confounders were added to the univariable
models and included in the final models if regression coeffi-
cients changed >10% in at least one of the food groups. The
following three models were made: model 1 was adjusted for
baseline CES-D score, age, sex, marital status and education
level; model 2 was additionally adjusted for physical activity,
smoking, iADL disabilities, alcohol intake and energy intake;
and model 3 was additionally adjusted for waist circumference
and number of chronic diseases (as these variables might be
confounders but more probably mediators). All confounders
were included as time-varying variables (baseline, follow-up 1
and follow-up 2), except age, sex and education level (base-
line). The analyses were repeated and additionally adjusted for
the intake of the other food groups in a separate model to
examine the independent association of the food groups with
depressive symptoms. Last, time (years after baseline) and
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interaction terms between food group intake and time were
added to the models to examine whether the associations var-
ied with time.
The prospective associations of depressive symptoms as
determinant with changes in continuous food group intake as
outcome were analysed by LMM. Standardised food group
intakes were used, which were checked for normality. As seven
food groups were skewed to the right, a natural log transfor-
mation was performed on the intake at each measurement, after
a value of 1 was added to prevent zero intakes. The regression
coefficients (B) and CI of the regression analyses were trans-
formed back to obtain interpretable ratios (eB= ratio). These
ratios reflect the percentage of change in the outcome (stan-
dardised food group intake) per one unit change in the deter-
minant (continuous CES-D score). A 3-year time-lag model was
used by including CES-D scores at baseline, follow-up 1 and
follow-up 2, and food group intakes at follow-up 1, follow-up 2
and follow-up 3. Baseline intake was included as covariate, and
models with only random intercepts showed the best fit. Stan-
dardised intakes were used as outcomes to be able to compare
between the food groups. For the three food groups used as
dichotomous variables, logistic generalised estimating equa-
tions (GEE) with a logit link function and an exchangeable
correlation structure were used. GEE take into account the
correlation between repeated measurements in the same indi-
vidual and is a more valid method than logistic mixed models
for binary outcomes(45). Effect modification, time interaction
and confounding were handled as described above. The fol-
lowing three models were made: model 1 was adjusted for the
baseline food group intake, age, sex, marital status and edu-
cation level; model 2 was additionally adjusted for physical
activity, smoking, iADL disabilities, alcohol intake and number
of chronic diseases (as these variables might be confounders
and/or mediators); and model 3 was additionally adjusted for
energy intake and waist circumference (to examine the influ-
ence of these variables separately).
A total of three sensitivity analyses were performed in the
LMM and GEE analyses by the exclusion of specific subgroups:
(1) participants using antidepressants at any measurement,
(2) participants with an MMSE score <24 at any measurement
(who may have memory problems), and (3) participants with
an implausible energy intake (<2092 kJ (<500 kcal) or
>14 644 kJ (>3500 kcal) for women and <3347·2 kJ (<800 kcal)
or (>16 736 kJ (>4000 kcal) for men) at any measurement(46).
SPSS version 23 (SPSS Inc.) was used for all analyses.
P values ≤0·05 were considered statistically significant.
Results
Baseline characteristics
Characteristics of the participants (54·7% women) are presented
in Table 1. The mean age was 65·8 (SD 15·2) years, and 187
participants (17·7%) experienced clinically relevant depressive
symptoms (CES-D ≥20) at baseline. Comparison of included
(n 1058) and excluded (n 395) participants showed that
excluded participants were older (P< 0·001), less often married
(P< 0·001), less educated (P< 0·001), less physically active
(P< 0·001) and less often smokers (P= 0·021) compared with
included participants. Excluded participants also had more
iADL disabilities (P< 0·001), lower intakes of alcohol
(P< 0·001) and energy (P< 0·001), lower cognitive function
(P< 0·001) and more depressive symptoms (P< 0·001).
Regarding food group intakes, excluded participants had lower
intakes of fruit, vegetables, potatoes, red and processed meat,
fish and shellfish and olive oil, and they ate less often whole-
grain bread and savoury snacks (all P< 0·05). These differences
were most pronounced at baseline and follow-up 1.
Depressive symptoms and food group intakes over 9 years
Depressive symptoms and energy and food group intakes at the
four measurements are shown in Table 2. Clinically relevant
depressive symptoms ranged from 17·0 to 24·1%. Total energy
intake was highest after 3 years and lowest after 9 years.
Energy-adjusted intakes of fruit, vegetables and olive oil
Table 1. Baseline characteristics of the Invecchiare in Chianti study
sample (1998–2000, n 1058)
(Mean values and standard deviations; numbers and percentages; med-





Sex, women 579 55
Marital status
Married 706 66·7























Number of chronic diseases
0 chronic disease 365 34·5
1 chronic disease 468 44·2
≥2 chronic diseases 225 21·3
Cognitive functioning (MMSE score)
Mean 26·4
SD 2·8
Depressive symptoms (CES-D score)
Mean 11·9
SD 8·5
Use of antidepressants 44 4·2
iADL, instrumental activities of daily living; MMSE, Mini Mental State Examination;
CES-D, Center for Epidemiologic Studies Depression scale.
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decreased over time, while intakes of dairy products, fish and
shellfish, and sweet foods increased, mainly between the 6- and
9-year measurements. Intakes of nuts and legumes, potatoes,
red and processed meat, and coffee and tea were quite stable
over time. For wholegrain bread, the percentage of consumers
ranged over time from 12·7 to 25·0%, and for savoury snacks,
this was 28·5–47·2%. SSB was consumed by about 50% of the
participants across measurements. In online Supplementary
Table S2, the correlations between the continuous and
dichotomous food groups are shown.
Food groups as determinants of change in depressive
symptoms
Results of the LMM analyses with food group intakes as deter-
minants are shown in Table 3 and Fig. 1. No statistically sig-
nificant associations were found after adjustment for
confounders, except for two food groups. A positive association
was found for the continuous standardised intake of sweet
foods (B, model 2: 0·30, 95% CI 0·02, 0·58), showing that a
higher intake of sweet foods was associated with an increase in
depressive symptoms 3 years later (Fig. 1). The highest quartile
of sweet foods was also positively associated compared with
the lowest quartile, and a trend across quartiles was observed
(Pfor trend= 0·016). For fish and shellfish, the highest quartile
was associated with a subsequent decrease in depressive
symptoms compared with the lowest quartile (B= –0·97, 95%
CI –1·74, –0·21), and a trend was observed (Pfor trend= 0·016)
(Table 3). Unexpectedly, quartile 2 of potatoes was associated
with less depressive symptoms compared with quartile 1
(B, model 2: –0·75, 95% CI –1·48, –0·02).
Additional adjustment for waist circumference and number of
chronic diseases (model 3) did not change the findings. Sig-
nificant interaction terms with sex were found for red and
processed meat and with age for vegetables, nuts and legumes
and SSB; however, after stratification by sex or the median of
age, findings remained non-significant in all subgroups, and no
clear trends were found (data not shown). For all continuous
food groups, model 2 was additionally adjusted for the stan-
dardised intake residuals of the other nine continuous food
groups; results did not change, except that the association of
sweet foods attenuated (B= 0·19, 95% CI –0·11, 0·50). For the
food group quartiles, additional adjustment did not change the
findings, indicating that the associations are independent.
Similarly, a model including simultaneously the three dicho-
tomous food groups also showed similar results. For sweet
foods, a significant, positive interaction with time (P= 0·018 in
model 2) was found, indicating that the association became
stronger over time.
Depressive symptoms as determinant of change in
food groups
Table 4 presents the results of the associations of depressive
symptoms with change in food group intakes. The LMM ana-
lyses showed that a higher CES-D score was associated with
3-year decreases in intakes of red and processed meat (B model
2: –0·006, 95% CI –0·010, –0·001) and vegetables (ratio: 0·995,
95% CI 0·990, 0·999), and an increase in intake of dairy pro-
ducts (ratio: 1·008, 95% CI 1·004, 1·013). The GEE analyses
showed that a higher CES-D score was associated with a sub-
sequent increase in odds of eating savoury snacks (OR: 1·012,
Table 2. Center for Epidemiologic Studies Depression scale (CES-D) scores and intakes of energy and food groups of the Invecchiare in Chianti study
sample (n 1058) at baseline and follow-up measurements
(Mean values and standard deviations; percentages)
Baseline Follow-up 1 Follow-up 2 Follow-up 3
n 1058 n 960 n 853 n 757
Mean SD Mean SD Mean SD Mean SD
Depressive symptoms
Depressive symptoms (CES-D score) 11·9 8·5 14·3 8·6 12·9 7·6 13·5 8·1
Presence of depressive symptoms (%, CES-D ≥20) 17·7 24·1 17·0 19·8
Energy intake
kJ/d 8574 2598 8803 2595 8680 2638 8495 2579
kcal/d 2049 621 2104 620 2074 631 2030 617
Energy-adjusted intake – predicted values* (g/d)
Fruit 287 27 273 33 261 21 197 16
Vegetables 184 38 139 34 129 35 124 31
Nuts and legumes 18 1·6 17 1·2 16 2·4 20 2·1
Potatoes 37 11 34 9·7 36 10 36 8·4
Dairy products 174 29 178 23 171 13 191 18
Red and processed meat 80 23 80 20 76 22 81 21
Fish and shellfish 26 3·4 28 3·8 25 3·7 32 3·4
Olive oil 27 6·7 26 6·0 23 6·2 23 5·4
Sweet foods 69 25 72 27 65 18 86 41
Coffee and tea 112 19 114 17 106 9·4 116 6·7
Consumers (%)
Wholegrain bread 15·2 16·3 12·7 25·0
Savoury snacks 31·1 28·5 47·2 32·1
Sugar-sweetened beverages + fruit juices 51·8 51·5 55·2 48·7
* All predicted values are energy adjusted by regressing food group intake on total energy intake (the residual method).
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Table 3. Prospective associations of intakes of food groups (determinants) in relation to change in Center for Epidemiologic Studies Depression scale
(CES-D) score (outcome) 3 years later in the Invecchiare in Chianti study (n 1058, 9-year follow-up with 2467 observations)*
(Unstandardised regression coefficients and 95% confidence intervals)
Model 1† Model 2‡
B 95% CI P B 95% CI P
Intake in standardised intake residuals (in quartiles)§||¶
Fruit
Quartile 1 Ref. Ref.
Quartile 2 –0·24 –0·98, 0·50 0·522 –0·29 –1·03, 0·45 0·439
Quartile 3 –0·06 –0·81, 0·69 0·870 –0·03 –0·78, 0·71 0·928
Quartile 4 –0·06 –0·83, 0·71 0·883 –0·08 –0·84, 0·68 0·838
Pfor trend 0·983 0·978
Vegetables
Quartile 1 Ref. Ref.
Quartile 2 0·16 –0·60, 0·91 0·685 0·06 –0·70, 0·82 0·876
Quartile 3 0·34 –0·40, 1·08 0·363 0·33 –0·42, 1·07 0·390
Quartile 4 –0·52 –1·32, 0·27 0·198 –0·49 –1·28, 0·31 0·228
Pfor trend 0·312 0·369
Nuts and legumes
Quartile 1 Ref. Ref.
Quartile 2 –0·11 –0·84, 0·61 0·760 0·06 –0·66, 0·79 0·865
Quartile 3 –0·12 –0·85, 0·60 0·744 0·02 –0·70, 0·74 0·952
Quartile 4 –0·23 –1·01, 0·55 0·558 –0·10 –0·88, 0·67 0·796
Pfor trend 0·579 0·787
Potatoes
Quartile 1 Ref. Ref.
Quartile 2 –0·74 –1·46, –0·01 0·046 –0·75 –1·48, –0·02 0·045
Quartile 3 0·15 –0·60, 0·89 0·701 0·08 –0·67, 0·83 0·841
Quartile 4 –0·32 –1·10, 0·45 0·412 –0·35 –1·12, 0·42 0·371
Pfor trend 0·966 0·947
Dairy products
Quartile 1 Ref. Ref.
Quartile 2 –0·48 –1·23, 0·28 0·219 –0·45 –1·21, 0·31 0·242
Quartile 3 –0·10 –0·88, 0·68 0·797 –0·02 –0·80, 0·76 0·955
Quartile 4 –0·21 –1·01, 0·59 0·605 –0·21 –1·01, 0·59 0·601
Pfor trend 0·900 0·928
Red and processed meat
Quartile 1 Ref. Ref.
Quartile 2 –0·08 –0·81, 0·65 0·831 –0·11 –0·84, 0·62 0·759
Quartile 3 0·38 –0·37, 1·13 0·317 0·35 –0·41, 1·10 0·367
Quartile 4 –0·26 –1·02, 0·49 0·492 –0·39 –1·13, 0·36 0·313
Pfor trend 0·758 0·530
Fish and shellfish
Quartile 1 Ref. Ref.
Quartile 2 –0·32 –1·06, 0·41 0·388 –0·30 –1·03, 0·43 0·419
Quartile 3 –0·40 –1·16, 0·36 0·306 –0·35 –1·11, 0·41 0·363
Quartile 4 –0·99 –1·77, –0·22 0·012 –0·97 –1·74, –0·21 0·013
Pfor trend 0·014 0·016
Olive oil
Quartile 1 Ref. Ref.
Quartile 2 0·47 –0·25, 1·19 0·203 0·49 –0·24, 1·22 0·186
Quartile 3 0·13 –0·61, 0·87 0·731 0·12 –0·62, 0·87 0·745
Quartile 4 –0·08 –0·85, 0·69 0·843 –0·01 –0·78, 0·76 0·985
Pfor trend 0·628 0·724
Sweet foods**
Quartile 1 Ref. Ref.
Quartile 2 0·29 –0·45, 1·03 0·447 0·24 –0·50, 0·99 0·521
Quartile 3 0·30 –0·45, 1·06 0·431 0·17 –0·59, 0·94 0·656
Quartile 4 1·14 0·36, 1·92 0·004 1·03 0·25, 1·81 0·009
Pfor trend 0·006 0·016
Coffee and tea
Quartile 1 Ref. Ref.
Quartile 2 0·09 –0·65, 0·82 0·819 0·11 –0·62, 0·85 0·767
Quartile 3 0·07 –0·69, 0·83 0·858 0·05 –0·71, 0·81 0·905
Quartile 4 0·56 –0·22, 1·34 0·158 0·56 –0·21, 1·34 0·155
Pfor trend 0·186 0·195
Intake in percentage consumers||
Wholegrain bread
Consumer v. non-consumer –0·03 –0·78, 0·72 0·939 0·16 –0·59, 0·91 0·683
Savoury snacks
Consumer v. non-consumer 0·01 –0·55, 0·56 0·984 –0·01 –0·55, 0·54 0·984
Sugar-sweetened beverages + fruit juices
Consumer v. non-consumer –0·23 –0·78, 0·32 0·421 –0·23 –0·78, 0·32 0·420
Ref., reference.
* Intake of food groups at baseline, follow-up 1 and follow-up 2, and CES-D scores at follow-up 1, 2 and 3.
† Model 1: adjusted for baseline CES-D score, age, sex, marital status and education level.
‡ Model 2: additionally adjusted for physical activity, smoking, instrumental activities of daily living disabilities, alcohol intake and energy intake.
§ Intake residuals are energy adjusted by regressing food group intake on total energy intake (the residual method).
|| Analysed with linear mixed models.
¶ Quartiles of the standardised intake residuals are based on the sample distribution at baseline.
** For sweet foods, there is a positive interaction with time, indicating that the association became stronger over time.
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95% CI 1·000, 1·024). No statistically significant associations
with the other food groups were found.
Additional adjustment for energy intake and waist cir-
cumference (model 3, observations= 2260) did not change the
findings; only the association with savoury snacks was slightly
attenuated (OR: 1·011, 95% CI 0·999, 1·024). Significant inter-
action terms with sex were found for coffee and tea and with
age for vegetables, wholegrain bread, savoury snacks and SSB.
After stratification by sex, still no significant associations with
coffee and tea were found in men and women in model 2.
Stratification by the median of age showed the same results for
the mentioned food groups, except for vegetables: depressive
symptoms were significantly inversely associated in older par-
ticipants (those >69 years, ratio: 0·993, 95% CI 0·987, 1·000) but
not in younger participants (0·996, 95% CI 0·990, 1·002).
Interactions with time were not significant in any of the food
groups.
Sensitivity analyses
Findings of the food group intake–depressive symptoms ana-
lyses did not change when participants who had an implausible
energy intake (n 36, observations= 93) were excluded. How-
ever, the exclusion of participants who used antidepressants
(n 226, observations= 673) did not influence the fish associa-
tion but resulted in a significant inverse association for the
highest quartile of vegetables (B model 2: –1·20, 95% CI –2·12,
–0·28), and the association of sweet foods disappeared
(continuous B= 0·13, 95% CI –0·19, 0·44). Similarly, exclusion
of participants who had an MMSE score <24 (n 667, observa-
tions=1021) did not influence the associations of fish and sweet
foods but resulted in a significant inverse association for the
highest vegetable quartile (B= –1·43, 95% CI –2·44, –0·43).
For the depressive symptoms–food group intake analyses,
exclusion of participants who had an implausible energy intake
(n 36, observations= 94) did not change the findings. Further,
exclusion of participants who used antidepressants (n 226,
observations= 701) attenuated the associations of red and
processed meat (B model 2: –0·004, 95% CI –0·009, 0·002),
vegetables (ratio: 0·997, 95% CI 0·992, 1·003) and savoury
snacks (OR: 1·011, 95% CI 0·997, 1·025). Similarly, exclusion of
participants who had an MMSE score <24 (n 667, observa-
tions= 1062) led to statistically not significant associations of
red and processed meat and vegetables.
Discussion
In this study, the bidirectional, prospective associations
between thirteen food groups and depressive symptoms were
investigated in 3-year intervals over a 9-year period. A high
intake of fish and shellfish was prospectively associated with a
decrease in depressive symptoms 3 years later, while a high
intake of sweet foods was associated with an increase in
depressive symptoms. In the other direction, more depressive
symptoms were associated with subsequent decreases in the
intakes of red and processed meat and vegetables, and
increases in the intakes of dairy products and savoury snacks.
For the other food groups, no associations were observed in
either direction.
Associations were found in both directions; however, no food
group had associations in both directions, which implies that
reverse causality is not the reason for the observed associations
in either direction. For example, the increase in depressive
symptoms over 3 years in persons with a high sweet food intake
is not due to the potential higher susceptibility to depression of
these persons; this higher susceptibility could have led, already
at baseline, to a higher sweet food intake. As we found no
association of depressive symptoms with change in sweet food
intake over time, there is no support for the reverse causality
hypothesis. Besides we shaped the analyses in a ‘prospective’
way using a 3-year time-lag model and by adjustment for the
outcome at baseline, thereby minimising the issue of ‘cause or
consequence’. So our prospective, bidirectional design made it
possible to adequately investigate reverse causality; however,
randomised controlled trials are needed to determine true
causal relationships between food groups and depression.
Prevention trials have not yet been performed, but two recent
Australian treatment trials showed – in depressed adults – that
dietary improvements had positive effects on mental health
outcomes, including depression symptomatology. However,
these trials had quite small samples (67 and 152 participants
enroled) and did not primarily focus on food groups but on a
Mediterranean-style diet, and its findings cannot be generalised
to a more general population sample(47,48).
The associations of fish and sweet foods with depressive
symptoms were strongest for the highest intake quartiles, while
















Fig. 1. Prospective associations of intake of food groups (determinants) in
relation to change in Center for Epidemiologic Studies Depression scale
(CES-D) score (outcome) 3 years later in the Invecchiare in Chianti study
(n 1058, 9-year follow-up with 2467 observations). Intakes of food groups at
baseline, follow-up 1 and follow-up 2, and CES-D scores at follow-up 1, 2 and
3. Intake residuals are energy adjusted by regressing food group intake on total
energy intake (the residual method). Analysed with linear mixed models. Error
bars indicate 95% CI. Model 2 is shown: adjusted for baseline CES-D score,
age, sex, marital status, education level, physical activity, smoking, iADL
disabilities, alcohol intake and energy intake. For sweet foods, there is a
positive interaction with time, indicating that the association became stronger
over time. * P<0·05.








bridge.org/core . Vrije U
niversiteit, on 06 N
ov 2020 at 16:25:20 , subject to the Cam
bridge Core term






the middle quartiles had comparable regression coefficients.
This seems to indicate a non-linear association for both food
groups, as shown before for fish(18,20). Energy-adjusted intakes
of fish and shellfish of more than 28·0 g/d (Q4: >0·44 standar-
dised residuals= >8·2 residuals= >28·0 g/d predicted value)
and of sweet foods of more than 83·1 g/d (Q4: >0·43 standar-
dised residuals= >20·1 residuals= >83·1 g/d predicted value)
were associated with about one-point decrease and increase in
CES-D score, respectively. All other food groups had regression
coefficients of smaller sizes (non-significant), except for Q2 of
potatoes. As there was no trend for the latter, this may represent
a chance finding, potentially due to multiple testing. In the other
direction, a one-point increase in CES-D score was associated
with a reduced red and processed meat intake of 0·24 g/d
(regression coefficient: –0·006 standardised intake=
–0·006 ´ 41·2= 0·24 g/d) and with a 0·8% increased dairy pro-
duct intake (ratio: 1·008= increase of 0·8%). So these effect
sizes are relatively small. As we also did not adjust for multiple
testing, our findings need to be interpreted with caution.
Another reason to be cautious is that our sensitivity analyses
showed that some associations were not that robust. Exclusion
of antidepressant users (n 226) made the association of sweet
foods with depressive symptoms disappear. This might indicate
that the positive sweet food association is mainly driven by
those with more severe depression (who used antidepressants).
In contrast, an inverse association of vegetables appeared,
indicating that a high vegetable intake might lead to less
depressive symptoms only in mentally healthy persons.
Such beneficial association of vegetables has been shown in
recent meta-analyses(7,12). Nonetheless, the association of
fish (quartile 4) remained significant. In the other direction,
exclusion of antidepressant users (n 226) or participants with
low-cognitive functioning (n 667) resulted in attenuation of the
associations of depressive symptoms with red and processed
meat, vegetables and savoury snacks. This might indicate that
these associations mainly exist in persons with more severe
depression or with low-cognitive functioning; however, a more
plausible explanation for the attenuation is the smaller sample
size that reduced the statistical power.
Our findings of the food group intake–depressive symptoms
analyses are partly in line with previous studies. An inverse
association between fish and depression risk has been descri-
bed in recent meta-analyses of observational studies(7,14,15) as
well as in prospective studies in, for example, older Japanese(18)
and young Australian women(17). A negative association
between sweet foods and mood has also been found in pro-
spective studies on commercial baked goods(41), sugar intake
from sweet food/beverages(23) and added sugars(19). Both
findings are according to the hypothesis that ‘healthy’ foods
lead to less depressive symptoms and ‘unhealthy’ foods to more
depressive symptoms. However, we found no association for
intakes of the other food groups that have previously been
related to (incident) depression, including fruit(12,13,21,49–51),
vegetables(7,12,13,49,51,52), legumes(50), meat(50), grains(49), dairy
Table 4. Prospective associations of Center for Epidemiologic Studies Depression scale (CES-D) score (determinant) in relation to change in (log-
transformed) intakes of food groups (outcomes) 3 years later in the Invecchiare in Chianti study (n 1058, 9-year follow-up with 2489 observations)*
(Unstandardised regression coefficients, ratios, odds ratios and 95% confidence intervals)
Model 1† Model 2‡
Intake in standardised intake§ B 95% CI P B 95% CI P
Fruit –0·004 –0·009, 0·001 0·140 –0·003 –0·008, 0·002 0·313
Red and processed meat –0·006 –0·011, –0·002 0·009 –0·006 –0·010, –0·001 0·016
Olive oil –0·004 –0·009, 0·001 0·081 –0·004 –0·008, 0·001 0·136
Intake in standardised, log-
transformed intake§ Ratio|| 95% CI P Ratio|| 95% CI P
Vegetables 0·994 0·989, 0·998 0·006 0·995 0·990, 0·999 0·022
Nuts and legumes 0·995 0·990, 1·000 0·051 0·996 0·991, 1·001 0·132
Potatoes 0·998 0·993, 1·003 0·376 0·998 0·993, 1·003 0·375
Dairy products 1·007 1·003, 1·012 0·001 1·008 1·004, 1·013 <0·001
Fish and shellfish 0·999 0·994, 1·004 0·670 0·999 0·994, 1·004 0·733
Sweet foods 1·003 0·999, 1·008 0·120 1·003 0·998, 1·007 0·233
Coffee and tea 1·001 0·996, 1·005 0·786 1·001 0·996, 1·006 0·744
Intake in percentage consumers¶ OR 95% CI P OR 95% CI P
Wholegrain bread
Consumer v. non-consumer 0·991 0·976, 1·008 0·294 0·993 0·976, 1·010 0·429
Savoury snacks
Consumer v. non-consumer 1·012 1·001, 1·023 0·037 1·012 1·000, 1·024 0·047
Sugar-sweetened beverages + fruit juices
Consumer v. non-consumer 0·999 0·987, 1·010 0·815 0·996 0·983, 1·008 0·475
* CES-D scores at baseline, follow-up 1 and follow-up 2, and intake of food groups at follow-up 1, 2 and 3.
† Model 1: adjusted for standardised (and log-transformed) baseline food group intake, age, sex, marital status and education level.
‡ Model 2: additionally adjusted for physical activity, smoking, instrumental activities of daily living disabilities, alcohol intake and number of chronic diseases.
§ Analysed with linear mixed models.
|| The ratios reflect the percentage of change in the outcome (standardised food group intake) per one unit change in the determinant (CES-D score).
¶ Analysed with generalised estimating equations.
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products(50,53,54) and coffee and tea(16,40). It might be that for
Italian older adults, other factors, such as sleep, socio-economic
status, negative life events, social network or comorbid-
ities(55–57), are more important risk factors for depression than
these food groups, or that fish and sweet foods are key food
groups that influence mood over time.
Two previous studies have been performed within
InCHIANTI, using food intake data as determinant of depressive
symptoms over time. Prospective associations have been
shown between a Tuscan dietary pattern – characterised by
vegetables, olive oil, fish, fruits, grains, potatoes, red and pro-
cessed meat – and depressive symptoms(28) but not between
two inflammatory patterns and depressive symptoms(29). These
patterns were only measured at baseline, whereas we used
intake data from baseline and after 3 and 6 years. Changes in
food group intake over time thus seem to be important as we
found no association between most Mediterranean food groups
and depressive symptoms, except for fish. Similar to the
unhealthy, inflammatory patterns, we found no association of
unhealthy food groups with depressive symptoms, except for
sweet foods. Vermeulen et al.(29) focused on patterns –
reflecting a mix of diverse food items – rather than single food
groups, which may explain why they did not show this asso-
ciation. Also, they excluded participants aged <65 years, while
we included these younger participants, resulting in a more
varied dietary intake. So our study on food groups comple-
ments those of Vermeulen et al.(28,29) on dietary patterns.
In the other direction, only a few previous prospective stu-
dies have been performed. We did not find an association
between depressive symptoms and change in sweet food
intake, similar to Knüppel et al.(23). We also did not find an
association with fish intake as an outcome, which is in line with
Smith et al.(17), except that they showed a lower fish intake after
5 years in young women with a recent depression episode. The
association of depression with fruit and vegetable intake
(combined) was shown to be complex, since adjustment for
lifestyle confounders (smoking, physical activity) attenuated the
association in Canadian adults(22); however, we investigated
fruit and vegetables separately and found only an inverse
association of depressive symptoms with vegetable intake, even
after adjustment for smoking and physical activity.
A comparison of our findings with other previous studies on the
depression–diet link is rather difficult, since these studies were
cross-sectional and did not investigate food groups comparable
to ours(24–26).
Our finding that more depressive symptoms led to a higher
consumption of savoury snacks is in line with the hypothesis
that depressed persons may increase the consumption of less
healthy (high-fat/salty) foods, owing to an increased appetite as
in atypical depression(58) or to a preference for consuming
palatable ‘comfort foods’(59). In contrast, the association of
depressive symptoms with a decreased intake of both red and
processed meat and vegetables may reflect a reduced energy
intake in depressed persons; this can result from a decreased
appetite, which is one of the symptoms of the melancholic type
of depression(60,61) and common in older age (75% of our study
sample was aged ≥65 years)(62). However, more depressive
symptoms were also associated with increased intakes of dairy
products and savoury snacks in our study, so this reduced
energy intake in depressed persons must have been food
group-specific. The increased intake of dairy products might be
explained by a preference of depressed persons for easy-to-
prepare foods such as milk, yogurt and cheese(63). Further, the
null associations with intake of the other nine food groups
might indicate that these food groups are not influenced by
mood status.
Although the mechanistic understanding of the link between
diet and depression is limited, several hypotheses exist. Diet
influences physiologic processes, which consecutively influ-
ence development and progression of depression, such as
neurotransmitter imbalances, neurogenesis and neuronal plas-
ticity, oxidative stress and inflammation(57). Regarding our
findings, the protective effect of fish may be attributable not
only to its n-3 fatty acids but also to other nutrients such as
vitamin D, vitamin B12, iodine and Se; all play a role in the
mentioned processes(64). In the direction from depressive mood
to diet, the underlying mechanisms might include sensory,
physiological and psychological pathways(65). Stress can influ-
ence food intake via physiological effects that change appetite
or other eating behaviours, and it can also change food choices
in persons with specific psychological characteristics such as
emotional eaters(65).
To our knowledge, this is the first study that investigated
bidirectional associations between several food groups and
depressive symptoms within one cohort. Most previous pro-
spective studies investigated the unidirectional association from
one food group to depression, and studies in the other direction –
with several dietary aspects as outcomes – were cross-
sectional(24–26). Another strength is the use of repeated
measurements of outcome and determinant, that is, CES-D
scores and food group intakes assessed four times over 9 years.
Whereas previous diet–depression studies mostly used only
baseline dietary data and assumed no changes over time, we
took into account individual changes in food group intake over
time using LMM. Furthermore, by using residual food group
intakes as determinants and adjustment for energy intake, we
were able to study the food group–depressive symptoms
association independent of the energy intake. Finally, by
studying food groups instead of dietary patterns or diet indices,
we could identify the important components of these patterns/
indices that have a link with depressive symptoms.
Several limitations need to be addressed as well. In this Italian
study population, intakes of three food groups (wholegrain
bread, savoury snacks and SSB) were very low, compared with
intakes in studies that showed association of these
groups(25,40,49). Despite this small consumption range, we were
able to pick up an association with savoury snacks as an out-
come. Next, dietary data were derived by a self-reported FFQ:
this assessment method, in combination with memory loss of
the older participants, might lead to misreporting(66); however,
underreporting in older persons might partly reflect a true low-
energetic intake due to anorexia of ageing(67). Depressive
symptoms were also self-reported without a clinical assessment
of depression, whereas a meta-analysis showed that healthy
patterns and food groups were not associated with a formal
diagnosis of depression, only with self-reported depressive
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symptoms(7). However, the CES-D scale is a validated instru-
ment that has shown good psychometric properties in an
older population(32,33). Furthermore, residual confounding
might be present attributable to imperfectly/not measured
confounders such as the socio-economic status. Last, loss to
follow-up is a limitation; the more healthy participants were
available for this longitudinal study, which might have resulted
in a less representative sample. This selection bias may have
attenuated or strengthened our associations.
In summary, our study in an Italian (older) population,
including repeated assessments of food group intakes
and depressive symptoms, suggests that high intakes of fish and
sweet foods are associated with, respectively, a decrease and
increase in depressive symptoms. In the other direction, more
depressive symptoms are associated with decreased intakes of
red and processed meat and vegetables, and increased intakes
of dairy products and savoury snacks. This bidirectional, pro-
spective study confirms some of the hypothesised links
between food groups and mood but not all. A bidirectional
association between diet in general and depression seems to
exist but not for specific food groups. Longitudinal studies on
the association from depression to food group intakes are
scarce, showing the need for more research. Future experi-
mental studies should investigate the effects of a change in the
intake of specific food groups on depression. This knowledge
might be needed for the prevention of depression and the
optimal nutritional care of depressed persons.
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